A new acylated oleanane-type triterpene oligoglycoside, floratheasaponin K (1), was isolated together with 11 known compounds including floratheasaponins D (2)-G (5), and I (6), chakasaponin V (7), and assamsaponin E (8) from the flower buds of Camellia sinensis cultivated in India. The chemical structure of floratheasaponin K (1) was elucidated on the basis of chemical and physicochemical evidence. In addition, chakasaponins V (7) and I (13) significantly inhibited nitric oxide (NO) production in lipopolysaccharide-(LPS) activated RAW264.7 cells without cytotoxicity.
The flower buds of Camellia sinensis are used as a food garnish in Japanese-style dishes or drinks in Japan. We have previously reported the isolation and structural elucidation of the various oleanane-type triterpene oligoglycosides, floratheasaponins A-J and chakasaponins I-VI from the flower buds of C. sinensis in Japan and China [1] . Those constituents were found to show biofunctional effects such as antihyperlipidemic, antihyperglycemic, and antiobesity effects. In addition, floratheasaponins exhibited significant inhibitory effects on the release of -hexosaminidase from RBL-2H3 cells [1] . In the course of our studies on the bioactive constituents from medicinal flowers [2] [3] [4] [5] and Camellia plants [1] , we have isolated a new acylated oleanane-type triterpene oligoglycoside, floratheasaponin K (1), together with 11 known compounds including floratheasaponins D (2)-G (5), and I (6), chakasaponin V (7), and assamsaponin E (8) from the flower buds of Camellia sinensis cultivated in India. Next, we examine the inhibitory effects of the principle triterpene oligoglycosides on NO production in LPS-activated RAW264.7 cells. In this paper, we describe the isolation and structure elucidation of the new constituent (1) and the inhibitory effects on NO production of constituents and its derivatives from the flower buds of Indian C. sinensis.
The methanolic extract (27.0% from the dried flower buds of C. sinensis cultivated in Darjeeling, India) was partitioned into an EtOAc-H 2 O (1:1, v/v) mixture to furnish an EtOAc-soluble fraction (5.0%) and aqueous layer. The aqueous layer was also extracted with n-butanol (n-BuOH) to give n-BuOH (10.6%)-and H 2 O (11.3%)-soluble fractions. The n-BuOH-soluble fraction was subjected to normal-phase and reversed-phase silica gel column chromatographies and repeated HPLC to give floratheasaponin K (1, 0.007%) together with known constituents, floratheasaponin D (2 0.037%) [1] , E (3, 0.066%) [1] , F (4, 0.019%) [1] , G (5, 0.014%) [1] , I (6, 0.0019%) [1] , chakasaponin V (7, 0.0020%) [1] , assamsaponin E (8, 0.0015%) [1] , myricetin 3-O--Dgalactopyranoside (9, 0.0012%) [6] , rutin (10, 0.0035%), kaempferol 3-O--L-rhamnopyranosyl(1→6)--D-glucopyranoside (11, 0.0078%) [7] , and kaempferol Floratheasaponin K (1) was isolated as a white amorphous powder with a negative optical rotation ([] 25 D -13.8 in MeOH). The IR spectrum of 1 showed absorption bands at 1734, 1717, and 1698 cm -1 due to two esters and a carboxy and strong broad absorption bands at 3400 and 1078 cm -1 suggesting an oligoglycosidic structure.
In the positive-ion matrix-assisted laser desorption/ionization (MALDI)-MS of 1, a quasimolecular ion peak was observed at m/z 1253 (M+Na) + , and high-resolution (HR) MALDI-MS analysis of the quasimolecular ion peak and 13 C NMR data revealed the molecular formula of 1 to be C 60 H 94 O 26 . Treatment of 1 with 10% aqueous KOH-50% aqueous 1,4-dioxane (1:1) liberated a known compound, desacyl-assamsaponin J [9] . . The proton and carbon signals due to the aglycone part including an acetyl and a tigloyl moieties in the 1 H and 13 C NMR spectra of 1 were superimposable on those of chakasaponin VI [1, 12] , while the proton and carbon signals assignable to an oligoglycoside moiety at 3-position of 1 are in agreement with those of floratheasaponins D (2) [1, 13] .
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The positions of two acyl groups and an oligoglycoside moiety of 1 were confirmed by DQF COSY and HMBC experiments, which showed long-range correlations between the following proton and carbons: H-21 and C-1'''''; H 2 -28 and C-1''''''; H-1' and C-3; H-1'' and C-2'; H-1''' and C-3'; H-1'''' and C-2''', respectively ( Figure 2 ). Consequently, the structure of floratheasaponin K (1) was determined as
The inorganic free radical nitric oxide (NO) acts as an essential multifunctional mediator in various biological systems. But, the excessive production of NO by inducible NOS has been implicated in physiologic and pathologic processes such as inflammation. Therefore, the NO production inhibitors are important for the development of therapeutic agents against various types of inflammation. We previously reported the NO inhibitory effects of phenylbutenols and coumaric acid analogues [14, 15] . On the other hand, oleanane triterpene glycosides, soyasaponins and platycodins, were reported to inhibit NO production in LPS-stimulated RAW264.7 cells [16, 17] . In the course of our studies on the antiinflammatory effect of triterpene glycosides, the inhibitory effects of the major acylated oleanane triterpene glycoside constituents, floratheasaponins D (2), E (3), F (4), and G (5) and chakasaponin V (7), on NO production in LPS-activated RAW264.7 cells were investigated ( Table 2 ). In addition, the inhibitory effects on NO production of the acylated oleanane triterpene glycoside constituents, chakasaponins I (13), II (14) , and III (15) and floraassamsaponins III (16) and IV (17) , which were previously isolated from the flower buds of C. sinensis cultivated in China and C. sinensis var. assamica cultivated in India were examined for structure-activity relationship study (Figure 3) . Furthermore, the cytotoxicities of compounds 2-5, 7, and 13-17 against RAW264.7 cells by using MTT assay were examined.
As the results, chakasaponin V (7) and I (13) significantly inhibited NO production [inhibition (%): 37.3±9.3 (for 7), 48.5±1.5 (for 13) at 10 M, respectively] without cytotoxicities. Floratheasaponins D (2), E (3), and F (4), with an angeloyl group at 21-position also showed a potent inhibitory activity [inhibition (%): 42.9±1.5 (for 2) at 6 M, 65.1±4.3 (for 3) at 6 M, 23.3±1.5 (for 4) at 3 M, respectively], although a considerable cytotoxic effect was observed at more than 10 M. On the other hand, the NO inhibitory effects of compounds 14-17 with a hydroxy group at 15-position showed were weak [less than 39.0% at 100 M]. The findings indicate that 1) compounds without a hydroxy group at 15-position are important to enhance the NO inhibitory effect, 2) angeloyl groups at 21-position tended to enhance the cytotoxicities.
In conclusion, a new acylated oleanane-type triterpenoid oligoglycoside, floratheasaponin K (1), was isolated from the flower buds of Camellia sinensis cultivated in India. In addition, acylated oleanane-type triterpenoid oligoglycosides significantly inhibited NO production in LPS activated RAW264.7 cells. Further study for the development of acylated oleanane-type triterpenoid oligoglycosides as the NO inhibitor are expected. 
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Hydrolysis of floratheasaponin K (1):
A solution of floratheasaponin K (1, 3.0 mg) in 50% aqueous 1,4-dioxane (0.5 ml) was treated with 10% aqueous KOH (0.5 ml). The whole was stirred at 37°C for 1 h. the reaction mixture was neutralized with Dowex HCR W2 (H + form) and the resin was removed by filtration. Evaporation of the solvent from the filtrate under reduced pressure yielded a reaction product, which was subjected to normal-phase silica gel column chromatography [CHCl 3 -MeOH-H 2 O (10:3:1 lower layer  6:4:1)] to give desacyl-assamsaponin J (1 mg). Next, the absolute configuration of constituent monosaccharides of 1 was determined by the same method as the previous report [10] . Assamsaponin J (1.0 mg) was dissolved in 5% aqueous H 2 SO 4 -1,4-dioxane (1:1, v/v, 1.0 mL). The solution was heated at 90 °C for 3 h. After extraction with EtOAc, the aqueous layer was neutralized with Amberlite IRA-400 (OH -form) and dried in vacuo. The residue was dissolved in pyridine (0.1 mL) containing L-cysteine methyl ester hydrochloride (0.5 mg) and heated at 60 °C for 1 h. Next, a solution of o-tolylisothiocyanate (0.5 mg) in pyridine (0.1 mL) was added to the mixture and heated at 60 °C for 1 h. [10] .
Effects on production of NO in LPS-stimulated RAW264.7 cells:
The total amount of nitrite in a medium is used as an indicator of NO synthesis. The screening test for NO production using a murine macrophage cell line, RAW264.7 cells [ATCC No. TIB-71, obtained from Dainippon Pharmaceutical (Osaka, Japan)] was evaluated according to a previous report with a slight modification [18] . Briefly, RAW264.7 cells were cultured in DMEM, and the suspension seeded into a 96-well microplate at 2.5×10 5 cells/100 L/well. After 6 h, non-adherent cells were removed by washing with PBS, the adherent cells were cultured in 100 µL of fresh medium containing the test compounds for 10 min, and then 100 L of the medium containing LPS (from E. coli, 055: B5, Sigma) was added to stimulate the cells for 18 h (final concentration of LPS, 5 µg/mL). The nitrite concentration was measured from the supernatant by a Griess reaction. NO production in each well was assessed by measuring the accumulation of nitrite in the culture medium using Griess reagent. Inhibition (%) was calculated using the following formula and the IC 50 was determined graphically (n = 4).
Inhibition (%) = [(A-B)/(A-C)]×100
A-C: Nitrite concentration (g/mL) A: LPS (+), Sample (-); B: LPS (+), Sample (+); C: LPS (-), Sample (-) Determination of cytotoxicities Cytotoxicity was evaluated by the 3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2H-tetrazolium bromide (MTT) colorimetric assay. The method was slightly modified a previous report [18] . Briefly, RAW264.7 cells (5.0 × 10 4 cells/200 μL/well) were incubated with test samples without LPS for 18h. An aliquot of the medium (100 μL) was removed. Next, MTT solution (10 μL, 5 mg/mL in PBS) was then added. After 2 h incubation at 37°C, the medium was removed and isopropanol containing 0.04 M HCl was added to dissolve the formazan produced in the cells. The optical density (OD) of the formazan solution was measured with a microplate reader at 570nm (reference: 655nm). If the OD of the sample-treated group dropped below 80% of that in the vehicletreated group, the test sample was considered cytotoxic.
Statistics:
Values were expressed as means±S.E.M. One-way analysis of variance following Dunnett's test was used for statistical analysis. Probability (P) values less than 0.05 were considered significant.
